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GISAbstract The coastal zone of the Nile Delta lodges highly populated cities (e.g. Alexandria, Port
Said) together with small towns and villages. It represents the major industrial, agricultural, and
economic resource of the country. The area has been subjected to extensive and excessive unplanned
developmental projects to foster the economic status of the local communities that, however, neg-
atively impacted both land use and land cover characteristics. Satellite images were processed to
identify the dominant land use/cover classes (from 1990 to 2014) and GIS techniques spatially ana-
lyzed and quantified the rate of changes. Five dominant classes were identified and their changes
monitored against the unprecedented human activities. Results demonstrated a significant rate of
land forms transformation within the last 25 years, in favor of developing of fish farming
(+13%) and urban (+22%). Such development of these land use classes was unfortunately at
the expense of the agricultural land (15%), coastal dune and barren land (13%) and water bod-
ies (7%). In addition, the coastal processes have made significant changes in the shoreline creating
areas of erosion (maximum of 24–36 m/year) and others of accretion (a total accreted area of
3.14 km2) with an overall retreat of 2.7 km2 along the shoreline. The expected changes in climate
and sea level rise will worsen the erosion rate and the general status of the coastal zone. Based
on the IPCC scenarios (i.e. the 59 cm sea level rise by the end of this century) and the proposed land
subsidence (2.5 mm/year), one fifth of the Nile Delta will be seriously vulnerable to inundation.
 2016 National Institute of Oceanography and Fisheries. Hosting by Elsevier B.V. This is an open access
article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).Introduction
Deltaic environment often support large populations prefer-
ably concentrated along the coastal zone (Syvitski and Saito,
2007). This is aligned with the global tendency of thousands
2 E.M. Ali, I.A. El-Magdof cities that are geographically located in the low elevation
coastal zones of less than 10 meters below the sea level (wet-
land areas) (UN-Habitat, 2008). This is mainly due to the
wealth of the natural resources that existed at this coastal zone
(e.g. freshwater, flat fertile soils, recreation places, mineral
resources, fish farming opportunities) according to various
authors (e.g. El-Demerdash et al., 1990; Mashaly et al., 1991).
It is common that deltaic regions are highly vulnerable due
to its physical characteristics of low topography with high
flood probability, significant land erosion and high sensitivity
to climatic changes (Milliman et al., 1989). Nile Delta coast
is a highly dynamic landscape due to various earth surface pro-
cesses that control the formation of various landforms
(Zuidam et al., 1998; Abou El-Magd and Hermas, 2010).
These processes include both coastal and hydrodynamic pro-
cesses and eolian processes (Allen, 1997). The coastal and
hydrodynamic processes produce several coastal landforms
(e.g. sand beaches, coastal plains, salt marshes, wetlands, water
bodies, etc.). However, the eolian processes produce several
varieties of sand dunes (e.g. barchan sand dune, longitudinal
sand dunes, and the star dunes) (Masselink and Hughes, 2003).
Since the construction of High Aswan Dam in 1964 the Nile
Delta has seriously been impacted due to the changed load of
water and sediment flow. It was recorded that the average sed-
iment load and freshwater arriving to the Mediterranean coast
was 134 Million tons and 55 Billion m3 (before the construc-
tion of High Aswan Dam), respectively (Abu-Zeid and El-
Shibini, 1997; Sharaf El Din, 1977). This has created a signif-
icant deterioration of the coastal lagoons (Aleem, 1972; Nixon,
2004), and also negatively affected on the quality of the agri-
cultural soils (Tortajada et al., 2012). It has cumulatively led
to extensive land use changes including loss of some wetland
areas as well as other areas that served as shelter or habitats
for birds and other kinds of animals.
On the other hand, the excessive increase in population, civ-
ilization and the accompanied developments during the last
few decades accelerated the demand of the Nile Delta region
and fostered extensive developmental projects to exist. Despite
its negative environmental impacts, it has made some socio-
economic acceleration through the creation of new job oppor-
tunities and improved the local income (Abou El-Magd and
Hermas, 2010).
Furthermore, the coastal zone of the Nile Delta is undergo-
ing severe erosion caused by natural coastal processes. It is
anticipated that climate changes have been worsening the level
of erosion at the Nile Delta coast of Egypt. In low-lying deltas,
rising sea levels would, in all areas, bring the risk of inunda-
tion, higher rates of erosion and increased saline intrusion into
rivers and fresh water aquifers (El-Nahry and Doluschitz,
2010). The Egyptian Government has recently shown an inter-
est and commitment toward coastal environmental and coastal
management issues.
Some earlier studies have focused on studying geomorphic
and land uses changes; for example, Frihy et al. (1994), Sadek
et al. (1993), who have paid special attention to coastal envi-
ronments and addressed some shoreline changes that occurred
in the Nile Delta. In addition, Haggag (1994) and Zaghloul
et al. (1992) have focused on studying soil characteristics at
the coastal area. Most of these earlier studies are either limited
in time (represent short period of time) or area (cover small
area of the coastline) or both. The main objective of this
research is to bridge the gaps of the earlier studies by expand-ing the area of study along the Nile Delta coast to cover a
wider area (from Alexandria to Port Said of about 250 km
long) and extending the period of study to present the last
25 years (from 1990 to 2014). The study focuses on the coastal
changes that occurred at the Nile Delta coast in Egypt identi-
fying the different land forms; land use and land cover classes
at this highly dynamic part using multi-temporal satellite
images together with field observations.
In addition, mapping the dynamicity of these classes and its
relation to the socio-economic values would help in developing
a projection model of these categories by 2040 using the IPCC
universal scenario (IPCC, 2007). This would simulate the
changes would occur and the implications of coastal processes
on re-shaping the Delta coastline and hence develop a model
scenario with the proposed shape of the Delta coastal shoreline
by 2040. Results of this study would serve as base line informa-
tion to the national planners and decision makers that ensure
their better understanding of the coastal zone management. In
turn this might help in planning of such an area at minimum
risks or reduced harms of the environment.
Study area
The study area occupies the northern coastal zone of the Nile
Delta between 29 450E to 32 150E and 30 450N to 31 300N
with a total area of about 18,738 km2. The area is bounded
from the east by the Suez Canal and the Sinai Peninsula, from
the west by the western desert, from the south by the rest of the
agricultural land of the Nile Delta and by the Mediterranean
Sea from the north (Fig. 1). It includes big cities such as
Alexandria to the West, Port Said to the East, and in between
there are Damietta and Rosetta cities. The study area governed
by 5 local governorates, which are; from the east to the west;
Port Said, Damietta, Kafr El-Shiekh, El-Beheira, and
Alexandria.
The climatic condition of this area is almost the climate of
the Mediterranean Basin with a minimum temperature of
10 C in winter and a maximum temperature of 40 C in sum-
mer. The area is characterized by different landforms such as
sand dunes, beaches, wetlands, and salt marshes. However,
the area is highly populated (around 8 Million capita repre-
senting 10% of Egypt total population – CAPMAS ‘‘Central
Agency for Public Mobilization and Statistics”, 2013) with sev-
eral man-made activities (e.g. agriculture, fishing and others).
Methods
The methods used in this research include:
Satellite images data and processing
Satellite images covering the last 25 years (1990–2014) were
processed to monitor and determine the natural and man-
made changes in the coastal zone of the Nile Delta. The used
images were freely downloaded from the USGS website
(www.glovis.usgs.gov). Table 1 lists the technical specifications
of these satellite images.
Both images (for 1990 and 2014) were geometrically cor-
rected to the Universal Transverse Mercator (UTM) projec-
tion, Zone 36 North and the WGS84 datum. The images
were then corrected radiometrically and converted to irradi-
Figure 1 Area of study – The coastal zone of the Nile Delta and the in-situ observation sites.
Table 1 List of satellite data used.
Sensor Path Row Date Spatial resolution Spectral resolution Remarks
ETM 177
176
038
038
03 Aug. 1990
04 Aug. 1990
 15 m Panchromatic
 30 m Multi-spectral
 Visible 3 channels
 IR 3 Channel
0% cloud cover
Landsat 8 177
176
038
038
09 Nov. 2013
6 Mar. 2014
24 Nov. 2013
15 Mar 2014
Impact of human interventions in the Nile Delta 3ance at sensor (El Hajj et al., 2008; Irish, 2000). Then, due to
each date consisted of two images they were mosaicked into a
single image. For small sized classes and minor changes, the
resolutions merge technique of the panchromatic channel
(15 m) and multispectral channels (30 M) was carried out to
improve the spatial resolution to 15 m and benefit from the
wide range of spectral resolution.
Classification and detection of landuse and landcover
The coastal zone of the Nile Delta is characterized by a mix-
ture of both natural and man-made classes that need to be well
identified. An initial unsupervised classification of maximum
likelihood classifier was primarily used to categorize the exist-
ing classes based on their spectral properties. The outcome of
this unsupervised classification was then clustered into 6 major
classes. Enhancement technique for stretching (Lillesand et al.,
2008) was used to improve the visual interpretations of the
existing classes (land use and land cover). The land use and
land cover was classified based on the land cover classificationsystem of the food and agriculture organization (LCCS sys-
tem) (FAO, 2000).
A pixel by pixel comparison was made for the outputs of the
unsupervised classes to determine training samples for the fur-
ther supervised classification (Jensen et al., 1993; Singh, 1989).
An accuracy matrix of 84% for the supervised classification
was obtained. In case of areas of confusion between different
classes, field visits for checks, as ground truth, were undertaken
in 2014. Actually about 35 points of field checks were under-
taken for reiterating the different classification, which
improved the level of accuracy to 90% in some classes and
92% in others (Fig. 1). Major Five classes were recognized dur-
ing the study period representing the most dynamic changes
that occurred within the last 25 years. These classes are: water
bodies, agriculture land, urban areas, fish farms, and coastal
sand and bare soil (El-Banna and Frihy, 2009).
Finally, the derived classes were mapped and analyzed in
the ArcGIS package 10.x to quantify the transformation of
land uses and determine the quantity, position and rate of gain
and/or loss for each particular class. This spatial analysis
4 E.M. Ali, I.A. El-Magdenabled to identify which class/landform is growing at the
expense of other class/landform based on a justified opinion
from the authors supported by the field ground truth.
Shoreline delineation
To evaluate the shoreline changes of the Nile Delta coast in the
last 25 years, both dates (1990 and 2014) of the satellite images
were traced. Resolution merge was applied between the
panchromatic channel (15 m) and the visible and infrared
channel (30 meter) to improve the spatial resolution of the
satellite image to 15 meter. This merged image was then used
to trace the coastline, which was conducted via two
approaches;
a. An auto-identification approach of the coastline using a
single Infrared Band (Band 7) to binary classify the
satellite image into two separate classes of water mass
and land. These two classes were then converted from
raster to vector to identify the coastline.
b. A manual digitizing approach of the coastline was han-
dled by the authors
A validation process was carried out between both
approaches to obtain a higher accuracy level of the coastal
shoreline in 1990 and 2014. At last, both dates of the shoreline
were converted into vector GIS layers that were overlaid and
analyzed using ArcGIS package 10 to identify and determine
the areas under either erosion or accretion.
Results
The main outcomes are:
Landuse and landcover transformation
Five major land use classes were identified and mapped from
both dates of satellite imageries to determine the changes
and transformation (position and rate). These classes are: (1)
Water body, (2) agricultural or cultivated lands, (3) urbanized
areas (4) fish farms and aquaculture, and (5) coastal sand dune
and barren soil. The spatial distribution of these five different
landforms for 1990 and for 2014 is shown in Fig. 2A and B.
The area of each class together with the interrelation between
the five classes is listed in Table 2.Water coverage
The northern coastal zone of the Nile Delta includes many
inland lakes (e.g. Manzala and Burullus) that create a major
portion of the area of study. The water mass of the study
area in 1990 was nearly about 1100 km2 that comprise
17% of the land along the study area; which has been sig-
nificantly decreased into half of this percent (9%) in
2014. However, this shrinkage represents 7% of the study
area; however it indicates a loss of approximately of
4883 km2 during a period of 25 years. This apparent loss
was mainly for the excessive enlargements of the fish farms
and other aquaculture activities. Other areas were dried up
and reclaimed for agricultural developments (particularly
around Lake Manzala).Fish farms expansion
In 1990 there was a small percent (%) of fish farms’ activities
(1%) that comprise about 81 km2. This area was extensively
expanded to an area of 937 km2 (in 2014) representing 14%
of the total area of this study (Table 2). This increase in fish
farm activities (in the last 25 years) is estimated to be as high
as thirteen folds of the actual area in 1990. Results showed that
this expansion was mainly at the expense of water bodies and
coastal sand classes (coastal dunes).
The spatial distribution and pattern of fish breeding farms
during the study period are mostly concentrated around Lake
Burullus (31%), Manzalla (44%) and Edku (15%) lagoons and
around the area between Gamasa and Damietta (10%). Other
establishments of fish farms have been also recorded at the
coastal desert area south of Gamasa and west of Rosetta. It
is known – and checked while site visits - that people at these
areas get benefited from being close to the sea and relied on
pumping the sea water into some artificial ponds which they
could use for fish breeding.
Urban activities
Generally, urban growth and development is one of the major
problems in Egypt and in the Nile Delta, in particular. The
area of study of the coastal zone has shown major urban
growths that extensively expanded to cover about 1686 km2
in 2014. In 1990 the urbanized area was, however, limited to
about 250 km2 representing only 4% of the study area. In just
25 years the urbanized zone has increased with about 1436 km2
(about 26% of the study area). This means the annual rate of
increase is of about 57.5 km2 per year, which is mainly devel-
oped at the expense of agricultural lands, coastal sand dune
and barren soil as well as at the shallow water bodies in some
areas. It is worth mentioning that road construction along
coastal zone was included within this estimation of urban
growth. The total length of the road networks in 2014 is about
2876.7 km, which has increased by about 35% in the last
25 years. Such infrastructure development was another acceler-
ating factor for changing land use in the study area particularly
for urban and fish farming due to the easy accessibility.
Agriculture coverage/distribution
The Nile Delta is characterized by its physiographic agricul-
tural land that accommodates more than 55% of the total pop-
ulation in Egypt. In 1990 the area of study on the coastal zone is
occupied by about 50% of the area by agriculture lands
(3233 km2). Unfortunately, by 2014 this area decreased to only
2268 km2 representing 35% of the area of study. 15% loss
(approximately 965 km2) of the agriculture land is estimated
within the last 25 years of this study. Unfortunately, the aver-
age annual rate of decrease is estimated at about 1.2% (approx.
40 km2). Such land transformation was mainly due the exten-
sive transformation of land uses into other usage activities
(rather than agriculture) such as urbanization, fish farming
or/and other related activities. For example, the overgrazing
activities of date palm farms at Damietta, Rosetta, and Edku
and wood storage areas (near Damietta Harbor). Indeed, this
will have a negative impact on the agriculture productivity
and its contribution to the national food security. Other serious
issue of deteriorating the productivity is the soil Stalinization
and salt water intrusion from the sea and shallow ground water
level, particularly at Kafr El-Shiekh governorate.
Figure 2 (A) the land use and land cover classes in 1990, (B) the land use and land cover classes in 2014.
Table 2 Quantitative evaluation of land use changes during the period from 1990 to 2014.
Class Area 1990 (Km2) Area 2014 (Km2) Area increase/decrease (Km2) % of changes Yearly rate
Water 1099.8 617.2 482.6  44% 1.8%
Fish-farm 81.3 936.8 +855.6 +1052% +44%
Urban 249.5 1685.5 +1436 +576% +60%
Agriculture 3232.9 2267.6 965.2 30% 1.25%
Coastal Sand and Bare Soil 1897.4 1050.9 846.5 45% 1.9%
Total 6560.8 6558.1 0.0 0.0 0.0
Deficit 2.7 Overall shoreline retreat
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The coastal zone of the Nile Delta was originally occupied by a
strip of coastal sand dunes and coastal land forms that sepa-
rate the Mediterranean Sea from the in-land of the Nile Delta.
This strip always plays a role in ecological balance, as well as
works as an intermediate shelter zone between the marine and
terrestrial environments. The class of coastal sand dune and
barren soil class was representing about one thirds of the study
area in 1990 (about 1897 km2). This area has dramatically
decreased in 2014 to that lost to about 45% of that in 1990
(i.e. about 846 km2). The average annual rate of decreasewas about 2%, which is mainly a great loss at the expenses
of fish farming with few kilometers for agriculture and other
purposes. It is of prime importance to notice the coastal ero-
sion that affected this particular class by taking about
2.7 km2 in the last 25 years to be added to the sea.
Shoreline changes
The mapped shoreline from both dates of the satellite images
was spatially analyzed to determine the changes in the coastal
shoreline and locate the area of either erosion and/or accretion
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coastal shoreline has becoming smoother is due to continuous
erosion and accretion. The coastal line extended for about
350 km from Alexandria to the west and Port Said in the east,
with major areas of erosion at the promontories of the Nile
River Branches (Rosetta in the west and Damietta in the east).
Fig. 3 shows the changes of the coastal shoreline of the Nile
Delta
There is a historical record of shoreline erosion in some
places along the Nile Delta that ranged from 10–21 m/year
from different locations, time dimension and methodologies.
For example since the construction of the High Dam, Frihy
(2003) found the rate of erosion at Alexandria is nearly
13 m/year, however, White and El-Asmar (1999) determined
an average rate of shoreline retreat of 20.97 m/yr at Baltim
and 15 m/yr at Ras El Bar. Since the construction of the High
Aswan Dam and the low momentum of water and sediment
flow from the Nile River to the sea has accelerated erosion vul-
nerability increases with the expected sea level rise (Sestini,
1989; Stanley and Warne, 1993; El Raey et al., 1999; Frihy,
2004).
In the present work the spatial modeling of the shoreline
and comparative analysis showed that there are areas of severe
shoreline erosion such as the Rosetta and Damietta Promonto-
ries. However the general trend of the Nile Delta showed
smoothing of the coastline (i.e. west-east current moves eroded
sediments to be accreted in other places). So, the overall pic-
ture shows a pattern of areas of erosion followed by areas of
accretion (Fig. 3). The total area eroded from the coastline is
19.64 km2 in the last 25 years and the total area accreting is
16.94 km2 during the same period reflecting an area of about
2.7 km2 is drowned by the sea (Fig. 3A).
Results showed that the highest rate of coastal shoreline
retreat was at the mouth of the Rosetta and Damietta
branches, which gave a maximum retreat of 823.2 m and
1330 m at Rosetta and Damietta, respectively. The total area
drowned by the sea at both locations was 3.8 km2 at Rosetta
and 5.3 km2 at Damietta respectively. This unfortunately pro-
vided a high average annual rate at both promontories with
25 m/year and 36 m/year, respectively (Fig. 3 B and C).
At the spit systems downward the Damietta promontory
there was a high rate of deposition and advancement of this
spit system reaching a maximum of 1002 m length of deposi-
tion with an average yearly rate of 28 m/year. The total area
deposited in the spit system was 3.14 km2, this means that
the sediment eroded from Damietta promontory carried by
the current (W-E) and deposited in the spit system. Spatial
comparison of the area eroded and deposited at the mouth
of Damietta Branch showing a deficit of about 2.16 km2 of
land that went into the sea (Fig. 3C). This spatial analysis of
the shoreline position is agreeable with time dimension analy-
sis in the period from 1990 to 2000 by El-Banna and Frihy
(2009) at the same location given a pattern of erosion reached
15 m/year. It has been affecting the natural process pattern
of waves induced alongshore currents and sediment transport
from west to east. In other locations; such as Burullus bay;
Erosion was detected (Fig. 3). The construction of beach
groins at this area causes controversial phases of accretion
and erosion with a shoreline advancement of +39.6 m/yr
and a retreat of 8.53 m/yr. respectively due to construction
problems in five of these groins (at the eastern side of Rosetta
Bay, Fig. 3b). These groins were constructed too close to eachother with small interval distances in between which may help
in consequent accretion processes.
The area between the two Nile River branches has gone
under the smoothing process of the coastline, the spatial anal-
ysis of the eroded area is 4.44 km2, however, the accreted area
in the same time frame is 6.53 km2 which reflects much depo-
sition rather than erosion. This supports the hypothesis of the
WE current movement and the sediment transportation that
always been transported from the west to the east creating
more potential of accretion in the inter-embayment of the
shoreline. In the last few years, the Egyptian Coastal Protec-
tion Authority (ECPA) has installed few engineering projects
to protect the coastal zone, which probably fostered the accre-
tion at some places and erosion at others. The overall shape of
the coastal shoreline of the Delta takes a series of crescent
shapes which are the result of such protection constructions.
These wave breakers and the coastal breakers enabled more
deposition at other appropriate locations. The overall compar-
ison in this location showing an increase of the deposition rate
than the erosion rate creating a land area of 2.09 km2 added to
the terrestrial land.
Implication of climate changes and sea level rise
Like other deltaic regions worldwide, the Nile Delta is sub-
jected to shoreline changes resulting from erosion and accre-
tion, subsidence, as well as sea level rise as a result of climate
change. The Intergovernmental Panel on Climate Change
(IPCC) Fourth Assessment Report indicated few scenarios
of sea level rise over the globe that range from soft scenario
(18 cm) to an extreme one (59 cm), that may be expected by
the end of this century (Alley et al., 2007). The Nile Delta
land is also experienced to subsidence that is another factor,
which is combined with a sea level rise that would exacerbate
the impacts and increase the flooded area. Some estimates
indicated that the northern Delta region is subsiding at a rate
that varied from about 2 mm/year at Alexandria to about
2.5 mm/year at Port Said (Stanley and Warne, 1993). In the
present work the impacts of climate change on the Nile Delta
using the proposed extreme IPCC sea level rise scenario of
59 cm coupled with the estimated land subsidence of an aver-
age of 25 cm by this century has been taken into considera-
tion. The compiled result shows that the sea level rise is
estimated as 84 cm. This could arise because a large area of
the Nile Delta (approximately 2671 km2) is directly vulnera-
ble to inundation and saltwater intrusion (Fig. 4). This would
result in a huge change in the coastal Nile Delta Environ-
ment, affecting marine life, as well as causing millions of local
inhabitants to migrate from their homes to save their
existence.
Sea level rise may also bring additional risks such as intru-
sion of saline water into freshwater rivers and aquifers. This
will severely affect the quality of the drinking water and the
farming quality providing stress on the existing resources of
drinking water. Besides the quality, it could quantitatively
affect the agricultural crop products. In addition, climate
impacts may significantly damage the aquatic ecosystems in
the area by creating an environment that favors the growth
of algal blooms and enhance eutrophication, which hence led
to adverse impacts on other sensitive species and directly
affects the biodiversity.
Figure 3 (A) the coastal erosion and accretion in the western corner of the Nile Delta coastline, (B) the coastal erosion and accretion in
the eastern corner of the Nile Delta coastline, (C) the overall coastal erosion and accretion of the Nile Delta coastline.
Impact of human interventions in the Nile Delta 7Moreover, this will threaten the placement of coastal infras-
tructure—housing, industrial facilities, energy and sanitation
systems, transportation and communication networks, and
tourist and cultural sites—that increasingly developed at a very
high risk.Discussion
The coastal zone of the Nile Delta lodges high population
cities such as Alexandria, Damietta and Port Said and many
small towns and villages with major populations of fishermen
Figure 4 The projected implication of sea level rise according to the IPCC model.
8 E.M. Ali, I.A. El-Magdand farmers. The area hosts the main country’s harbors in
Alexandria, Damietta and Port Said with other industrial
capacities. It represents the major industrial, agricultural,
and economic resources of the country. That is why this area
is one of the heavily populated areas in Egypt.
This work clearly throws light on the high level of dynam-
icity acting on this coastal area that has been accelerated by
man-made processes and resulted in vital landform transfor-
mations in response to the current local economy. A real exam-
ple for such responses is the reaction of the local communities
which leapfrog toward fish farming activity since late nineties
and early twenties (Abou El-Magd and Hermas, 2010), for
food security, particularly after the economic crisis at that time
and the massive increase in other proteins’ prices (e.g. meat).
Results indicated high loss in agricultural black fertile lands
during the period from 1990 to 2014 by about 965 km2 repre-
senting approximately 30% (Fig. 3). The loss in the cultivated
lands is expected to trigger negative consequences along the
Delta particularly for food production and livelihoods. This
might increase its vulnerability to desertification and/or
destruction of ecosystems and would consequently lead to a
pronounced decrease in one of the most important local eco-
nomical incomes. Asi (2007) determined a great modification
of the plant species/communities due to human intervention
indicating that the dominant plant species/communities have
either disappeared or been minimized; moreover new plant
communities have flourished accompanying the newly intro-
duced land use categories such as fish farms.
An area of about 2294 km2 along the Nile Delta coast has
been lost from inland water bodies (483 km2), agricultural
lands (965 km2) and sand-soil areas (847 km2) during the per-
iod from 1990 to 2014. The lost areas are actually decreased
against the increase in urban lands (1436 km2) and in fish
farms (856 km2). This huge expansion in fish farms is a socioe-
conomic status reflection and was mainly due to the economic
crisis over the world that initiated the people to find a solution
to secure food (Abou El-Magd and Hermas, 2010). Demo-
graphically, most Egyptians (almost 80–85%) live on only
4.5% of the country’s total area, mostly concentrated along
the Nile Delta and valley. The average population density isabout 103 capita/km2 in the Nile Delta region and is speedily
growing (approx. 2%/year) (CAPMAS, 2013). This demo-
graphic structure increases the tendency to expand most activ-
ities toward the coastal areas to develop new land uses for
industrial, agricultural, tourist, and fishery needs (Abou El-
Magd and Hermas, 2010) that economically accommodate
the growing population. People are trying to benefit from the
topographical position of these areas being located below the
contour line +1 m and the seepage of water from lagoons lets
water be pumped easily from lagoons to the adjacent fish farms
(Fig. 3). This position produces a very shallow water table that
becomes economically viable for the fish breeding industry.
The relatively higher annual rate of increase in fish farms,
could be attributed to some reasons such as:
(1) The wide area covered within this research that covers
the whole coastal zone of the Nile Delta (approximately
6560 km2) compared to previous studies that focused on
a small portion of the coastal zone (e.g. Abdel Rahman
et al., 1998; El Asmar and Herher, 2010);
(2) The time frame of this study expanded to the period of
high transformation of lands and excessive human activ-
ities that started to flourish in the 1990s; and
(3) Nowadays knowledge, awareness and understanding of
the fish farm activities are getting higher than before.
Previously this was a factor for underestimation at the
time of image acquisition (e.g. process of replenishment
or/and dried up for water recharge).
The localized extensive coastal processes also caused a sig-
nificant coastal erosion and accretion along the Nile Delta
coastal shoreline. Results determined some areas with maxi-
mum erosion rates such as that located at Rosetta (24 m/year)
and Damietta (36 m/year) promontories; this created a total
land area taken of 3.8 km2 at Rosetta and of 5.3 km2 at
Damietta.
However, the coastal protection agency has made available
some protection along the coastline in the last twenty years;
the coastal erosion of the Nile Delta continued to take place.
The overall pattern of the Nile Delta coastal shoreline is sub-
Impact of human interventions in the Nile Delta 9jected to smoothing where there are areas of erosion and areas
of accretion; with a total area of 2.7 km2 taken from the land
to the sea in the last 25 years. The presence of the wave break-
ers that were constructed to protect the coast has made the
general shape of the Nile Delta shoreline as a series of cres-
cents; as these wave breakers accelerated the deposition pro-
cess behind them and fostered the erosion between them.
They determined the highest rate of deposition was at the spit
system next to Damietta promontory with about 3.14 km2, and
most of the sediment came from the erosion of the Damietta
promontory and other locations on the western side.
Expectedly, the climatic changes will increase the risk and
the vulnerability of the Nile Delta to erosion and inundation.
To study the impact of climate changes on sea level rise, the
worst extreme scenario of the IPCC of 59 cm sea level rise
(by the end of this century) together with the estimated subsi-
dence level of the Nile Delta (25 cm) was used to determine
the most vulnerable area(s). It gave an estimate that about
2671 km2 would be inundated due to a compiled sea level rise
of 84 cm. This represents approximately 10% of the whole Nile
Delta area. Indeed, this will seriously impact millions of inhab-
itants and enforce them to migrate leaving their homes/profes-
sions seeking more secure places. This is agreeable with
Hassaan (2013) who estimated that 24% of Kafr El-Shiekh area
will be vulnerable to inundation by 2100. This impact of this
scenario will also create risks of salt water intrusion into fresh-
water rivers and aquifers that will severely affect the water qual-
ity of either drinking or farming or both and hence, provide
extra stress on the existing drinking water sources and agricul-
tural activities. In addition, it could affect most of the coastal
infrastructure, housing, industrial facilities, energy and sanita-
tion systems, transportation and communication networks, and
touristic and cultural sites will be at very high risk.
Conclusion
The Nile Delta coast is experiencing a pronounced landform
transformation that is mainly controlled by man-made activi-
ties which happened in response to either social or economical
trends as well as the present local market trends and the pop-
ulation habits or both. These changes will certainly dramati-
cally impact the coastal delta of the Nile not only by
reshaping the spatial distribution of the current landforms
but also will lead to a great change in the ecosystem of the Nile
Delta coastal zone such as sea water intrusion, shoreline ero-
sion, modification/transformation or/and disappearance of
some ecosystems that naturally exist along the study area. It
is hence, recommended that this highly dynamic coastal zone
requires accurate and continuous monitoring systems that
enable regular delineation of the negative consequences of
human alternation.
Hence, it is recommended to undertake this at short, med-
ium and long term scales to allow developing on-time
responses and mitigation measures. Mitigation measures are
also recommended to setup a number of engineering construc-
tions of jetties at the most vulnerable areas of Damietta and
Rosetta. It might be crucial to set up new policies for new
adaptation approaches of which, migration would be a good
policy that helps in restoring and balancing all environmental
ecosystems at the Nile Delta coast and other similar
environments.Conflict of interest
There is no conflict of interest.
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